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PLANT COMMUNITY ZONATION IN RESPONSE TO SOIL GRADIENTS
IN A SALINE MEADOW NEAR UTAH LAKE, UTAH COUNTY, UTAH
Jack D. Brotherson

—

Patterns of zonation along a saline meadow slope were studied. Different species associations were
Abstract
distributed in five zones along the slope which paralleled Utah Lake. The five zones, distinguished on the basis of
dominant species and/or life form, were: saltgrass-annual weed, saltgrass-alkaligrass, saltgrass-forb, saltgrass, and
spikerush. Soil, vegetation, and plant species data were taken. Patterns of change with respect to these factors were
observed along the downslope gradient. Soil pH and soluble salts decreased downslope, while organic matter and
moisture increased. Individual ions showed varying patterns. Vegetation and species patterns also varied with slope
position. Annuals dominated the ridge tops, while sedge and rush cover were restricted to the slope base. Perennial
forb distribution was shown to be correlated with elevated levels of micronutrients in the soil.

The

Skougard and Brotherson 1979). AlternapH may not be as closely correlated to
biological phenomena since broad overlaps in
pH exist between plant communities

ecological relationships of halophytic

species and their communities within coastal
environments are well investigated (Adams

tively,

1963, Vogl 1966, van der Maarel and Leertouwer 1967, Cotnoir 1974, Daiber 1974,
Duncan 1974, Godfrey et al. 1974, Hinde
1954, Kraeuter and Wolf 1974, MacDonald
and Barbour 1974, Walsh 1974), but less has
been done on inland halophytes and their
communities (Ungar 1969, Chapman 1974,
Hansen and Weber 1975, Skougard and
Brotherson 1979). The anatomy of halophytes
and their ecological adaptations to saline soils
are also well reviewed (Anderson 1974, Cald-

well 1974,

Hansen

(Daubenmire 1959a, Ungar

The

Soil salinity is considered to be the most
important variable in controlling halophyte

However,

al.

1969).

species composition and distribution have
long been studied. Curtis (1955) discusses the
use of indicator species in describing communities with environments of varying moisture
content. Dix and Butler (1960) state that moisture is the principle environmental factor controlling species composition in a mesic-dry

1974).

distribution (Ungar 1974).

et

relations of moisture in determining

salinity

and dry prairie in Wisconsin. Also, Skougard
and Brotherson (1979) discussed the influence
of soil moisture as a factor in determining
zonation patterns of vascular plants in playa

meadows

in central Utah. Moisture was noted
be second to salinity in such influence.
Van der Maarel and Leertouwer (1967) determined soil moisture and organic matter to
be positively correlated. This is reasonable
since an increase in moisture produces an increase in biomass and ultimately more litter
and organic matter.
The present study was undertaken to de-

combination with other factors has also
to be important in controlling the
distribution of halophytic species. For example, Hutchinson (1982) showed the importance of salinity and salinity-elevational interactions to account for variations in halophyte
distributions. A halophyte is defined as a species which can tolerate levels of salinity
greater than 0.5% (Barbour 1970, Chapman
1974). Few species are believed to be obligate
halophytes (Ungar et al. 1969, Barbour 1970,

to

Ungar 1974).
Hydrogen ion concentration (pH) has also
been suggested as an important determinant

ents, etc.)

in

been shown

scribe patterns of zonation along a slope in a
saline meadow and to determine which of several soil factors (texture, salinity, mineral nutri-

of halophyte species distribution (van der
Maarel and Leertouwer 1967, Stolfelt 1972,

to influence that zonation.

Study Site

The study

'Department of Botany and Range Science, Brigham Young University, Provo, Utah 84602.
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tended

site is located

along the west

Broth ERSON: Plant Community Zonation

April 1987

323

and bare soil were ocularly estimated
from each quadrat following a procedure suggested by Ostler et al. (1981). Cover for all
plant species encountered was also estimated
using the cover-class categories suggested by
litter,

Daubenmire
Three

(1959).

samples taken in each plot (from
opposite corners and the center) from the top
20 cm of soil by means of a tube soil probe
soil

were later combined for laboratory analysis.
This depth was considered adequate because
Christie (1979), with respect to grasslands,
found that the top layer of soil is the region of
most active mineral uptake. Soil samples were
placed in zip-type plastic bags to retain moisture. Percent soil moisture was obtained by
weighing fresh soil, drying at 90 C for 72
hours, and reweighing (Skougard and Brotherson 1979).
Soil samples were analyzed for texture
(Bouyoucos 1951), pH, soluble salts, mineral
composition, and organic matter. Soil reaction was taken with a glass electrode pH meter. Total soluble salts were determined with

a

Beckman

electrical conductivity bridge.

A

was used

to

1:1 soil-water paste (Russel 1948)

pH and total soluble salts. Soils
were extracted with 1.0 normal neutral amdetermine

Fig.

1.

Map

of study site location along west shore of

Utah Lake.

monium

shore of Utah Lake at T6S, RIE, S32 (Salt
Lake base and meridian), Utah County, Utah,
approximately L4 km south of Pelican Point
(Fig. 1). Zonation within the meadow is visually apparent since different species associations are discretely distributed along a mild
slope which parallels the lake. Five zones are
distinguishable on the basis of the most obvious species and/or life form: saltgrass-annual

weed,

saltgrass-alkaligrass,

saltgrass,

zones

and spikerush

occur

along

saltgrass-forb,

(Fig. 2).

a

The

gradient

first

four

moving

downslope and away from the lake with a vertical drop of 2.5 m. The fifth zone (farthest
from the lake) rises approximately 3.0 m.

acetate for the analysis of calcium,

magnesium, potassium, and sodium (Jackson
1958, Hesse 1971, Jones 1973). Zinc, manganese, iron, and copper were extracted from
the soils by use of DTPA (diethylenetriaminepenta-acetic acid) extracting agent (Lindsay

and Norvell 1969). Individual ion concentrations were determined using a Perkin-Elmer
Model 403 atomic absorption spectrophotometer (Isaac and Kerber 1971). Soil phosphorus was extracted by sodium bicarbonate
(Olsen et al. 1954). Total nitrogen analysis was

made

using macro-Kjeldahl (Jackson 1958).
Organic matter was determined by total carbon measurement via burning 10 g of soil
sample at 950 C in a LECO medium temperature

resistance

furnace

following

Allison

(1965).

M.jlTerials

Plant nomenclature follows

and Methods

(1980) for the dicotyledons

Fifteen 5 x 15

m plots (three per zone) were

placed along the slope. Each plot was subsampled by 10 quarter-meter-square (}uadrats.
Total living plant cover, plant cover by life
form (i.e., perennial forbs, perennial grasses,
sedges, rushes, annual grasses, annual forbs).

al.

Arnow

et

and Cronquist

al.

et

(1977) for the monocotyledons.

Data analysis consisted of computing
means, standard deviations, and coefficients
of variation for all measured biotic and abiotic
variables (Ott 1977). Correlation coefficients

were determined

for

each combination of

all
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Saltgrass-Annual
Alkaligrass

Spikerush

1

Fig. 2.

20

feet

Graphic representation of slope depicting vegetative zonation patterns on the study

site.

Table 1. Site factors along with their means and standard deviations found along a slope with respect to vegetation
zones in a saline meadow. Zone 1 is saltgrass-annual at the ridge top; Zone 2 is saltgrass-alkaligrass at the slope shoulder;
Zone 3 is saltgrass-forb at the slope base; Zone 4 is saltgrass at the slope bottom; and Zone 5 is spikerush (see Fig. 2).

Zone

April 1987
Table

1
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Species and their average percent cover as found in the five vegetative zones of the sahne meadow. Zone
Zone 4 is at the slope bottom. Zone 5 is upslope from Zone 4 overlying a seep area (see Fig. 2).

the ridge top and

Zone
Species
Distichlis spicata

1

BROTHERSON: PLANT COMMUNITY ZoNATION

April 1987
cies cover.

The

lack of significant correlation

moisture is easily
understood in relation to the presence of elevated levels of spikerush cover in Zone 5.
Saltgrass cover increases steadily downslope
and then decreases dramatically in the
spikerush zone, whereas soil moisture increases steadily across all five zones and soluble salts decrease across all five zones. The
dramatic increase in spikerush cover and the
corresponding decrease in saltgrass cover in
the spikerush zone alter the general direction
to either soluble salts or soil

of the saltgrass curve, thus neutralizing the

observed trends and therefore the correlation. The role of the mineral nutrients in the
distribution of saltgrass is not well understood
and needs further study.
Ungar (1974) discussed halophyte zones
and associated species. He states that alkaligrass {Puccinellia airoides) zones are commonly associated with samphire (Salicornia
rubra), Pursh seepweed (Siiaeda dcpressa),
and arrowgrass (Triglochi maritima), with
samphire and Pursh seepweed generally contributing fair amounts of cover to the community and arrowgrass making up 2% or less of
the cover.

He also reports soil salinity levels to

be between 1.8 and 2.8%, which is considerably higher than shown in our study. Otherwise, the associations found in our meadow
are consistent with those of Ungar.

Percent cover by life form is listed for each
zone in Table 1. Annual forb cover is highest
on the ridge top and then decreases dramatically downslope. Sedge and rush cover are
restricted to the wet end of the gradient and
show their greatest cover in the spikerush
zone. Grass cover spans the total width of the
gradient, showing varying degrees of development depending on the zone. Perennial
forbs are generally restricted to the saltgrass-

forb

and spikerush zones but reach their
development in the saltgrass-forb

greatest

zone.

The annual forbs that dominate the ridge
top (saltgrass-annual zone) do so because of
the dwarfed state of growth in saltgrass, which

The

327
of the

distribution

along the gradient

is

perennial forbs
of interest. Previously

been shown to occupy wetter habithan do grasses (Hironaka 1963, Harner
and Harper 1973, Yake and Brotherson 1979).
Harner and Harper (1973) suggest that this is
due to the growth morphology of grasses and

forbs have
tats

forbs; grass

stems depend upon cellulose for

support, whereas forbs use turgor pressure to

support cells. However, our correlations of
percent forbs with percent moisture showed
no significant relationships. In fact, the perennial forbs in our study showed a bimodal pattern of distribution with their greatest importance being at the wet end of the gradient and
a lesser peak at the dry end of the gradient
(Table 1). The peak at the ridge top is due to a
single species,

cressa {Cressa triixillensis),

whereas the peak in Zone 3 (saltgrass-forb) is
due to eight species and the peak in the
spikerush zone is due to four species. The
total lack of forbs in Zone 4 (saltgrass) and their
diminished importance in Zone 5 (spikerush)
is best explained by competition. The wetter
zones are heavily dominated by saltgrass,

common

spikerush (Eleochoris palustris), sea
and wiregrass

milk'wort {Glaiix maritima),
all

of which form dense rhi-

in the

upper layer of soil, thus

(Junciis balticiis),

zome systems

competition for space and
therefore reducing the probability of annual
or perennial forbs establishing in those zones.
A second explanation for the high level of
perennial forbs in Zone 3 (saltgrass-forb) could
be that of mineral nutrition. It is well known
that the presence or absence of particular ions
in the soil can affect the growth of a plant and
thereby profoundly influence its distribution
(Jefferies et al. 1968). For example, fertilizing
with nitrogen and phosphorus was found to
influence the distribution of salt marsh forbs
(Pigott 1968). Also, Thurston (1968) found that
the addition of phosphorus, potassium,
sodium, and magnesium to native pastures in
increasing

the

England altered the distribution of forb species

belonging to the Fabaceae. The presence

of high levels of phosphorus, iron, zinc, cop-

leaves openings between individual plants
where seedlings of species adapted to the
more xeric conditions can establish. In addi-

favor the growth and establishment of the

they germinate, mature vegetatively,
flower, and set seed early in the season when
environmental conditions are adequate and
before the severe drought of late summer.

perennial forbs. However, further research
must be done to fully answer these questions.
The distribution of introduced species in
the meadow was positively correlated with

tion,

per,

and nitrogen

in the soils of

Zone 3 could
which

indicate nutrient conditions in the soil

Great Basin Naturalist

328

1

Table 3. Results of correlation
the saline meadow.

analysis

between

site factors (biotic

and

Vol. 47, No. 2

abiotic) associated with five vegetation

Environmental variable

Positive correlations

Negative correlations

Soil moisture (%)

Organic matter (0.0001)
Sedge cover (0.0001)

pH

Organic matter (%)

Soluble

salts

(ppm)

Soil

moisture (0.0001)

(0.0002)

Soluble

salts (0.002)

Sodium

(0.03)

pH

(0.0002)

Sedge cover (0.0002)

Soluble

salts (0.01)

Calcium

Copper

(0.03)

(0.03)

Fines (0.03)

Magnesium

(0.02)

Number of introduced
species/stand (0.004)

pH

Nitrogen (0.01)
Soil moisture (0.002)
Soil organic matter (0.01)

Sand

(0.03)

(0.0001)

Potassium (0.005)

Sodium

PH

(0.03)

Calcium

(0.03)

Fines (0.03)

Magnesium

(0.004)

Number of introduced
species/stand (0.01)

Potassium (0.002)
Soluble

Sand (%)

Copper

(0.04)

Nitrogen (0.005)
Soil moisture (0.0002)
Soil organic matter (0.0002)
Sedge cover (0.02)

Sand

(0.03)

salts (0.0001)

Sodium

(0.004)

Copper

(0.004)

Saltgrass cover (0.02)

Iron (0.02)

Nitrogen (0.0001)
Grass cover (0.02)

Phosphorus

(0.02)

Calcium (0.0003)
Clay (0.0006)
Fines (0.0001)
Number of introduced
species/stand (0.004)

Forb cover

pH

Zinc (0.01)

(0.01)

(0.03)

Potassium (0.04)
Soluble salts (0.03)
Silt (%;

Introduced species
cover (0.02)
Number of introduced
species/stand (0.004)

Forb cover
Clay (%)

Fines (%)

Calcium

(0.02)

Nitrogen (0.05)
Grass cover (0.04)
Zinc (0.02)

(0.01)

Fines (0.0006)

Phosphorus (0.01)
Sand (0.006)

Calcium (0.0003)

Copper

Clay (0.0006)
Number of introduced

Saltgrass cover (0.02)

(0.07)

species/stand (0.004)

Forb cover
pH(0.03)

Nitrogen (ppm)

Copper

(0.01)

(0.004)

Iron (0.02)

Nitrogen (0.0001)
Grass cover (0.02)

Phosphorus (0.001)
Sand (0.0001)

Potassium (0.04)
Soluble salts (0.03)

Zinc (0.01)

Copper

Calcium (0.001)

(0.0001)

Saltgrass cover (0.03)

Iron (0.004)

Grass cover (0.01)

Phosphorus (0.0007)
Sand (0.0001)
Zinc (0.0003)

Fines (0.0001)
Introduced species
cover (0.008)
Number of introduced
species/stand (0.002)

Forb cover (0.005)

pH

(0.005)

Potassium (0.02)
Soluble salts (0.01)
Silt (0.005)

Sodium

(0.04)

zones

April 1987
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Table 3 continued.

Environmental variable

Positive correlations

Negative correlations

Phosphorus (ppm)

Copper

Calcium (0.0001)

(0.0003)

Iron (0.0006)

Nitrogen (0.0007)

Clay (0.01)
Fines (0.001)

Sand (0.001)

Magnesium

Zinc (0.0002)

Number of introduced

(0.04)

species/stand (0.04)

Potassium (0.05)

Calcium (ppm)

Sodium

(0.05)

Clav (0.007)
Fines (0.0003)

Copper

(0.0008)

Magnesium

Nitrogen (0.001)

(0.01)

Number of introduced
species/stand (0.02)

pH(0.03)
Potassium
Soluble

Magnesium (ppm)

Phosphorus (0.0001)
Sand (0.0003)
Zinc (0.0005)

(0.01)

salts (0.03)

Calcium

pH

Iron (0.001)

(0.01)

Phosphorus

(0.04)

(0.004)

Potassium (0.0001)
Soluble

Sodium (ppm)

salts (0.02)

Magnesium

pH

(0.0003)

(0.004)

Potassium (0.0002)
Soluble salts (0.03)
Potassium (ppm)

Calcium

(0.01)

Fines (0,04)

Magnesium

(0.0001)

Copper

(0.04)

Nitrogen (0.04)
Soil moisture (0.03)

Phosphorus

(0.05)

Nitrogen (0.02)

Phosphorus
Sand (0.04)

(0.05)

Number of introduced
species/stand (0.05)

pH

(0.002)

Soluble

Iron (ppm)

salts (0.005)

Sodium

(0.0002)

Copper

(0.0001)

Calcium (0.001)

Saltgrass cover (0.03)

Fines (0.02)

Manganese

Number of introduced

(0.02)

Nitrogen (0.004)
Grass cover (0.03)

species/stand (0.01)

Forb cover

(0.02)

Phosphorus (0.0006)
Sand (0.02)
Zinc (0.0001)

Manganese (ppm)

Copper

(0.03)

Iron (0.02)

Zinc (ppm)

Copper

(0.0001)

Saltgrass cover (0.03)

Iron (0.0001)

Nitrogen (0.0003)
Crass cover (0.03)

Phosphorus 10.0002)

Calcium (0.0005)
Fines (0.01)
Introduced species
cover (0.05)
Number of introduced
species/stand (0.02)

Forb cover

SandfO.Ol)

(0.02)

Silt (0.02)

Copper (ppm)

Saltgrass cover (0.02)

Calcium (0.0008)

Iron (0.0001)

Nitrogen (0.0001)
Grass cover (0.01)

Fines (0.004)
Introduced species
cover (0.0007)
Number of introduced

Phosphorus (0.0003)
Sand (0.004)

Forb cover

Manganese

(0.03)

species/stand (0.01)
(0.004)
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Table 3 continued.

Environmental variable

Positive correlations

Negative correlations

Zinc (0.0001)

pH

(0.04)

Soluble

salts (0.03)

Silt (0.02)

Sodium

Copper

Grass cover (%)

Saltgrass cover (0.0001)

cover (0.009)

Iron (0.03)

Forb cover (0.0001)
Sedge cover (0.03)

Nitrogen (0.01)

Sand

Annual forb cover (%)

(0.04)

Fines (0.02)
Introduced species

(0.01)

(0.02)

Zinc (0.03)

Silt (0.04)

Soluble

Soil moisture (O.OI)
Organic matter (0.01)

pH

salts (0.001)

(0.001)

Silt (0.05)

Sand

Fines (0.05)

Nitrogen (0.01)
Zinc (0,01)
Sedges (0,05)

Calcium

(0.05)

Magnesium (0.05)
Sodium (0,01)

(0.05)

Potassium (0.01)
Introduced species cover (0.01)
Perennial forb cover (%)

Species diversity (0.05)

Saltgrass (0.05)

Magnesium (0.05)
Sodium (0.05)
Grass cover (0.03)
Potassium (0.05)

Sedge cover (%)

Soil

moisture (0.0001)
matter (0.0002)

Soil organic

Saltgra.ss cover (0.008)
Grass cover (0.03)

pH

(0.02)

Introduced species
cover (%)

Fines (0.002)

Copper

Silt (0.02)

cover (0.02)
Nitrogen (0.008)
Grass cover (0.009)
Zinc (0,005)

Number of introduced

Calcium (0.002)

Copper

Fines (0.004)

Iron (0.01)

pH

Nitrogen (0.002)

species/stand

Saltgrass cover (%)

(0.007)

Saltgra.ss

(0.01)

(0.01)

Potassium (0,05)
Soluble salts (0.004)

Phosphorus (0.04)
Sand (0.004)

Silt (0.04)

Zinc (0.02)

Copper

Fines (0.02)
Introduced species

(0.01)

Iron (0.03)

Nitrogen (0.03)
Grass cover (0.0001)

Sand

cover (0.02)

Forb cover (0.0001)
Sedge cover (0.008)

(0.02)

Zinc (0.003)

silt,

fines,

pH, soluble

salts,

calcium, and

potassium (Table 3). In all cases these factors
increase from slope base to ridge top. Since
the highest importance of the introduced species was at the ridge top, as were the above-

mentioned factors, the correlations are exHowever, cause and effect may not
necessarily be involved because the role of
competition from other species and open
habitat availability have not been measured.

plainable.

It is

clear that saltgrass grows in a dwarfed

less-dense state at the ridge top (Table

2),

and
and

so competition should be reduced and habitat
availability for the

introduced annual species

enhanced.
Species diversity for each zone is reported
Table 1. Correlation analysis between species diversity and perennial forb cover (Table
3) showed that a positive association develin

oped, indicating that patterns of forb distribu-

Broth ERSON: Plant Com m unity Zonation
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tion influence diversity in the

meadow.

pair of

(p

<

independent variables are given

3. All

0.05).

in

correlations listed are significant

As shown, there

of significant correlations

is

a high

among

number

A

factors.

careful review of the data indicates that the

majority of the correlations in

some way

re-

the gradually changing conditions of en-

flect

approximated the classical bell-shaped
curves so reminiscent of Curtis' (1955) vegetaerally

Correlation coefficients for each possible

Table

331

continuum theory. This indicates that
the distribution of the species along the slope
tional

cannot easily be accounted for by one or two
variables, but that competition, soil moisture,
soil chemistry and texture, soil minerals, and
vertebrate and invertebrate relations all play a
role. In this regard the distribution of some
species will be primarily related to one factor,

vironment associated with slope position.
When this is understood and we examine the

while other species distribution will be con-

relationships of vegetation to slope position,

trolled

is

it

possible to see trends.

Annual forbs occupy the more xeric sites
along the ridge top where the soils are fine
textured and soluble salts and pH are high.

The

dry-site annuals appear to do well in this
zone partly because of the dwarfed and lessdense growth habit of saltgrass. This growth
pattern would allow for reduced interspecific
competition between the grass and the annuals. Alternatively, sedges and rushes occupy

the wet end of the gradient where the soils are
less finely textured and are lower in soluble

and pH. Underlying springs and seeps
this end of the gradient moist. The
perennial forbs become dominant in Zone 3 at
salts

keep

the base of the slope where several of the soil
nutrients peak and where soil moisture, soluble

salts,

and

pH levels are moderate.

Grasses

vary widely across the full extent of the gradient, showing peaks in Zones 2 and 4. Correlation analysis showed the high levels of grass
cover to be positively associated with elevated

and sand.
pH, and moisture are

levels of micronutrients, nitrogen,

The

roles of soil salinity,

not as clearly defined as in other cases (Ungar
1974, Skougard and Brotherson 1979) because
of the uniform way they vary in relationship to
the slope gradient and to each other. The
slope acts as a vehicle wherein the different
soil parameters become highly integrated into
an environment that varies continuously and

thus masks the influence of a single factor on
the vegetation patterns. Similar conditions
were found in a brackish marsh in Canada
where an elevation/salinity/soil texture and
soil

by a different

since there

water content interaction was shown to be

responsible for species distribution patterns

(Hutchinson 1982).
Saltgrass was present in all five zones; few
other species extended themselves into multiple zones (Table 2). The distribution of the
different species along the slope gradient gen-

is

set of factors.

However,

such a high degree of correlation

between the majority of soil

factors, the overzonation patterns in the vegetation can best
be understood when thought of as reflecting
the underlying patterns of the abiotic and biall

otic

environment.
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